dard upper blepharoplasty, sluggishness in lid closure was often associated with lagophthalmos and occasional dry eye symptoms when relatively large segments of the underlying muscle had been excised. Based on such observations, this prospective study was designed in 1985 and continued to 2013. Both aesthetic and functional outcomes were evaluated when only skin was removed on one side and skin with muscle was removed on the contralateral eyelid.
The literature is generally silent on the effect that removal or preservation of the orbicularis muscle has on the aesthetic or functional outcome [6] [7] [8] [9] . Fagien [2] in 2002, and Rohrich et al. [1] in 2004, advocated muscle sparing for physiologic and aesthetic reasons. Rohrich et al. [1] recommends the excision of "redundant orbicularis" once skin has been removed and preservation of the muscle in "non-redundant cases". It has been argued by few authors that orbicularis removal may improve aesthetic outcomes [10, 11] . A recent prospective left-right study found that sparing of the orbicularis oculi decreased postoperative pain, edema, itching and hematoma, while producing good aesthetic results when compared to conventional surgery in the fellow eye [12] .
Postoperative complications of upper blepharoplasty include swelling, pain, peribulbar hematoma, dry eye, lagophthalmos, chemosis, ptosis, granulomas, and webbing [1] [2] [3] [4] [5] ; rare complications include ectropion, vision loss, retrobulbar hematoma and blindness [5] . Lagophthalmos that follows aesthetic upper blepharoplasty is frequently due to excessive removal of skin as shown in Fig. 1 . The photograph was taken before this study was undertaken and depicts a patient attempting to gently close her eyelids at six months following bilateral "standard" skinmuscle excision. Despite a normal Bell's phenomenon, she remained symptomatic with eye irritation and redness, requiring eye lubricants and moisturizers during five years of follow-up. During this period, she showed no noticeable improvement of sluggish lid closure, but lagophthalmos improved significantly and was no longer present after a year of follow-up. At that time, it was the senior author's (F.D.P.) opinion that excessive skin removal was the primary cause of the patient's condition. Even so, he questioned whether the patient would have developed postoperative lagophthalmos, sluggish lid closure and dry eye symptoms if the orbicularis muscle had not been removed during surgery. This question became the primary motivation to undertake the present study in 1985. This prospective study suggests that relatively wide but incomplete orbicularis muscle excision may in fact contribute to sluggish lid closure, lagophthalmos and dry eye disease.
Our goal in undertaking this study was to investigate whether upper blepharoplasty with sparing of orbicularis oculi could decrease the incidence of postoperative sluggish eyelid closure, lagophthalmos and dry eye, while producing equivalent aesthetic outcomes to surgery with muscle resection.
METHODS

Patient selection
From 1985 to 2013, 22 patients requiring greater than 5 mm of skin resection underwent bilateral upper blepharoplasties with removal of muscle on one side and leaving muscle intact on the other side. Although the senior author has a busy aesthetic blepharoplasty practice, only 22 patients, less than 0.5% of the total number of eyelid procedures performed by him, knowingly consented to undergo these separate procedures, as was clearly documented on each consent form; these patients are reviewed in this report. Patients requiring simultaneous brow lift or with a history of previous eyelid surgery, ophthalmic surgery, dry eye disease or use of eye drops for symptoms such as foreign body sensation, tearing, itchiness or redness were excluded from the study. Botulinum toxin injection six months before surgery and during the study period was also exclusion criteria.
Surgical techniques
All procedures were performed by the same surgeon using the same operative technique in all patients. Upper eyelids were marked in a standard fashion corresponding to the amount of skin to be excised as shown in Fig. 2 . Skin and the underlying portion of orbicularis oculi were excised en bloc from one eyelid of each patient in standard upper blepharoplasty fashion, while skin alone was excised from the lid of the fellow eye in alternating the sides in consequent patients (Figs. 2, 3) . It was not possible to delineate, measure or document the precise outlines of the inner canthal or extra canthal orbicularis during the procedures. It is highly likely that in patients undergoing wider skinmuscle excision, it was also necessary to remove varying portions of inner and extra canthal orbicularis. This removal would certainly affect patients' eyelid closure mechanics.
Seven patients underwent concurrent lower blepharoplasties using fat-preserving capsulopalpebral repair with total preservation of the lower eyelid orbicularis muscle and lateral musculoplasty. This technique is identical to that described in our published case series in 2008 [13] . In this previous study, as well as in the present paper, no findings suggestive of "fish-mouthing", "rounding", scleral show or ectropion were noted [13] .
Outcomes
Patients were evaluated both by the operating surgeon, who objectively assessed for any postoperative complications, and by a panel of actively practicing plastic surgeons, who evaluated for aesthetic outcome. At one week, two weeks, six weeks, three months and six months postoperatively, the operating surgeon examined each patient for the presence or absence of complications. Lagophthalmos was measured in millimeters in extreme downward gaze (Fig. 4) , while sluggish lid closure was evaluated by asking patients to close their eyes as though sleeping or by having patients blink normally. Photographs were taken before surgery (Fig. 2) , at the completion of the procedure (Fig. 3) , as well as at three months and at six months following the operation (Figs. 5-10 ). Any degree of sluggish lid closure, lagophthalmos as well as symptoms and findings of dry eye disease were documented as either present or absent (Table 1) . If lagopthalmos was identified, the patient was also examined for a normal Bell's phenomenon. Patients with persistent symptoms related to dry eye were followed for a longer time period.
An anonymous patient satisfaction survey was conducted using questionnaires. These surveys were provided to all patients at six months after surgery. Patients were queried regarding age, date of surgery, ethnicity, satisfaction with outcome, any perceived difference between eyelids, preference of appearance of one side over the other, foreign body sensation, tearing, burning and eye irritation.
Evaluations were also made by three actively practicing plastic surgeons who examined patients' before and after photographs at six months after surgery. If the patient was lost to follow-up, photographs from the latest office visit were used. The evaluators were blinded to the type of repair, but were informed that none of the patients had undergone concurrent brow lift-an exclusion criteria-or had previous eyelid or brow lift operations. They were asked whether the eyelids had an outcome they would consider Patient has been marked for skin-only excision of upper eyelid skin on one side and combined skin-muscle excision of the contralateral eyelid.
Fig. 2. Preoperative marking
Intraoperative photograph of a patient at the completion of upper blepharoplasties after skin-only excision of the right upper eyelid and combined skin-muscle excision of the left eyelid in a 54-yearold patient. Tarsal fixation was also performed.
Fig. 3. Intraoperative left-right comparison
Postoperative photograph of a 72-year-old patient taken at extreme downward gaze at one week after surgery. Lagophthalmos is present on the right eyelid where 13 mm of combined skin-muscle was removed. Lower blepharoplasties were also performed. Note the patient's unsuccessful attempt to close her eyes forcefully.
Fig. 4. Postoperative dynamic evaluation
This 60-year-old patient had undergone "standard" upper blepharoplasties six months previously with removal of skin and muscle. She developed sluggish lid closure, lagophthalmos and eye irritation after surgery.
Fig. 1. Standard upper blepharoplasty
Before photograph of a 58-year-old patient undergoing bilateral upper and lower blepharoplasties. Skin-only resection was randomly assigned to one upper eyelid and muscle-skin resection assigned to the other lid.
Fig. 5. Preoperative photograph
in their own practice as "good and comparable between right and left sides"; "good, but not comparable between right and left side"; and "poor on one or on both sides" and to grade each eyelid separately (Table 2) . Evaluation by the same expert panel of surgeons took place after all photographs for the 22 subjects were obtained to ensure consistency of evaluation.
Statistical analyses were conducted using Fisher's exact test with mid-p, two-sided values of P < 0.05 considered significant.
RESULTS
The duration of the study was 27 years from 1985 to 2013. The study population of one male and 21 female subjects had an age mean of 62, a median of 63.5, and a range of 44 to 78 years. In regards to ethnicity, 11 patients self-identified as Asian, four identified as mixed, and seven as Caucasian. Two female patients (9%) were lost to follow-up after their three months postoperative visit. The remaining 20 patients or 91% were followed Postoperative photograph of the patient in Fig. 5 six months after 8 mm skin-only excision of the left lid and combined skin-muscle excision of the right upper eyelid. Tarsal fixation was done on both sides. Concurrent lower blepharoplasties were also performed. This patient had no postoperative complications.
Fig. 6. Postoperative left-right comparison
Before photograph of a 71-year-old patient undergoing bilateral upper blepharoplasties. Skin-only excision was randomly assigned to one eyelid and muscle-sparing excision randomly assigned to the other lid.
Fig. 7. Preoperative photograph
Postoperative photograph of the patient in Fig. 7 six months after 13 mm of skin-only excision of the left lid and combined skin-muscle excision of the right upper eyelid. Patient also underwent concurrent lower blepharoplasties. This patient had temporary lagophthalmos and symptoms of dry eye on the right side that lasted less than four weeks. The panel of experts found "good but not comparable" outcomes on both sides and felt she could benefit from right eyebrow lift. The panel graded the outcome as "aesthetically good" on both sides.
Fig. 8. Postoperative left-right comparison
up to six months after surgery. Tarsal fixation to improve the supratarsal crease definition or to create one when the crease was absent, was performed concurrent to standard blepharoplasty in 11 (50%) patients; two of these patients self-identified as mixedAsian and other ethnicity, and nine identified as Asian. The mean time of office follow-up was 5.8 months.
During the office follow-up visits at one week after surgery, sluggish eyelid closure was noted in seven patients (32%). Sluggishness of lid closure was unilateral and only affected eyelids with skin-muscle resection ( Table 1 ). The average amount of muscle removed in these patients was 15.3 mm and the mean age was 73.1 years (Table 1) . In contrast, patients who did not demonstrate sluggish lid closure had a mean age of 56.8 years and had undergone an average of 8.3 mm skin-only or skinmuscle excision ( Table 1 ). The increased incidence of sluggish eyelid closure with skin-muscle removal compared to skin-only removal was statistically significant (P < 0.05). The sluggishness persisted in all patients during the period of follow-up and was not found to be more severe in patients who had undergone tarsal fixation. This group of seven patients with sluggish eyelid closure included four of the five patients (80%) who exhibited lagophthalmos of the ipsilateral eye postoperatively, and 5 of the 7 (72%) patients who reported dry eye symptoms after surgery. None of the patients reported an awareness of their sluggish eyelid closure either during office visits or in their responses to the mailed questionnaires six months after the procedures. Lagophthalmos measuring less than 3 mm affected five patients (23% of the total patients) who had undergone an average of 15.8 mm of combined skin-muscle excision. It resolved in all patients within two to six weeks after surgery. All patients with lagophthalmos displayed a normal Bell's phenomenon on examination. Fig. 4 illustrates a 72-year-old patient seven days after Before photograph of a 78-year-old patient with bilateral upper eyelid pseudoptosis due to excess skin. No true ptosis was present. Note patient's attempt to improve his visual field by elevating the eyebrows.
Fig. 9. A case of pseudoptosis
Postoperative photograph of the patient in Fig. 9 six months after 21 mm of skin-only excision of the right lid and combined skinmuscle excision of the left upper eyelid. No tarsal fixation was performed. This patient had lagophthalmos of the eye that lasted one week but presented no dry eye symptoms. Note the absence of frontalis hyperactivity and dropping of the eyebrows. The panel of experts found the outcomes as "good and comparable" on both sides and graded the case as "aesthetically good". "Aesthetically poor outcome" was graded as 1; "aesthetically acceptable outcome" was graded as 2; and "aesthetically good outcome" was graded as 3. The obtained grades were added, averaged and the final scores were interpreted as "aesthetically poor to acceptable outcome" when the average score was 1.00 to 1.50; as "aesthetically acceptable to good outcome" for the average scores of 1.51 to 2.00; as "aesthetically good outcome" when the average score was above 2.01.
Table 2. Aesthetic outcome grades and scores
13 mm of combined skin-muscle was removed from the right eyelid. She is unable to close the right eye despite her forceful attempt. In one 75-year-old patient lagophthalmos was bilateral after 17 mm of excision, but more severe in the skin-muscle resection side than the skin-excision side (Table 1) . In this patient, lagophthalmos lasted six weeks after surgery on the combined skin-muscle excision side but subsided within two weeks on the skin-only removal side. Concurrent lower blepharoplasty in several patients was not found to affect outcomes and no lower lid complication was documented. The higher incidence of lagophthalmos with skin-muscle excision compared to skin-only excision was statistically significant (P < 0.05).
Varying degrees of dry eye symptoms such as foreign body sensation, tearing and irritation were reported in seven patients (32%), as shown in Table 1 . All these patients were followed for a minimum of six months. Five of these patients presented either lagophthalmos or sluggish lid closure or both (Table 1) . In one patient, mild symptoms of eye irritation and rare itchiness were still present at one year after surgery; this patient was followed beyond the timeframe of this study. No dry eye symptoms were noted in eyes that underwent skin-only removal (Table 1). All patients with dry eye symptoms were treated with moisturizers and lubricants while the symptoms persisted, and all responded readily to standard care. Discontinuation of eye Table 3 . Postoperative complications after combined skin-muscle excision care in two patients resulted in recurrence of symptoms and resolved with resumption of treatment.
Anonymous questionnaires were completed by 20 (91%) patients. Of these 20 patients, 19 respondents were female and one was a male. The remaining two patients (9%) did not respond to the questionnaire at six months after surgery and were lost to follow-up. The records, however, indicate that these patients were satisfied with the outcome and presented no abnormal findings and no symptoms at three months after surgery. Of the 19 female respondents, 15 women (79%) expressed satisfaction from the procedures and found both sides comparable. In addition, four women (21%) felt more skin should be removed from one of the eyelids. Of these four women, two expressed concern about the eyelid where only skin had been excised, while the other two women expressed concern about the eyelid where skin and muscle had been removed. In one female patient, simple excision of 2 mm of excess skin corrected the condition and satisfied the patient; during revision no muscle could be identified due to scar tissue present. In the other three women, although further excision was offered, they declined revision and in time felt that the results are good and acceptable. Although seven patients complained of dry eye symptoms during their office visits, only one patient made mention of dry eyes in the questionnaire.
Patients' photographs (Figs. 5-10) were reviewed by a panel of three plastic surgeons. For two patients, the reviewed photographs were taken at three months after surgery since they were lost to follow-up. However, in the remaining 20 (91%) patients, photographs taken at six months after surgery were available. The panelists found fellow eyelids to be comparable in 18 of 22 cases (82%) and rated the results as "good and comparable". In four patients, more than one panelist recommended that more skin could have been removed (two on the skin-only side and two on the skin-muscle side to accomplish better symmetry). For five patients, two panelists felt that eyebrow lift (an exclusion criteria in this study) could be beneficial if they choose to proceed with such an operation in the future (Figs. 6, 8 ). No statistical difference in aesthetic outcome was found between eyelids that had undergone skin excision alone and eyelids with combined skin and muscle removal (Table 2) .
DISCUSSION
Despite the senior author's very busy aesthetic blepharoplasty practice, only 22 patients consented. This limited prospective study strongly suggests there is no advantage in excising the orbicularis muscle as part of "standard" upper blepharoplasty. By survey and physical exam, we identified long-term complications of surgery with muscle resection exceeding 9 mm, namely sluggish lid closure, lagophthalmos and varying degrees of dry eye symptoms (Tables 1, 3) ; we consider the introduction of "Sluggish lid closure" as original and of great clinical significance not only in our clinical practice but also in future studies. Since the aesthetic outcomes of skin-only resection were equivalent to those eyelids that had undergone combined skin-muscle excision as demonstrated both by patient satisfaction surveys and by examination of the postoperative photographs by a panel of experts (Table 2) , we recommend that muscle resection is best avoided. The limited cohort of patients included both Asian eyelids without a defined supratarsal fold as well as eyelids with well-defined supratarsal crease. Eyelids underwent tarsal fixation from both these groups of patients and yet no difference in aesthetic or functional outcomes was noted.
In 2011, Damasceno et al. [12] reported that postoperative edema, hematoma, itching and pain were greater with skin-muscle resection. These complications were transient with resolution at 30 days. Similar to our study, the authors also found that eventual aesthetic outcomes were equivalent in skin-only and skin-muscle resections [12] . The duration of dry eye symptoms following skin-muscle resection was longer in our study and lasted throughout the follow-up period of six months in patients who had undergone wider than 9 mm of muscle excision. Damasceno et al. failed to document the amount of muscle removed and made no mention of effects on lid function, or aesthetic importance that correlates with the extent of muscle excision. Damasceno et al. studied 15 consecutive patients over a short period of time and no attempt was made to select patients who may require significant muscle excision. We differ importantly from Damasceno et al. in the fact that in our study 12 out of 22 volunteers underwent wider than 9 mm of muscle excision. Our patient selection represented a painstaking task requiring 27 years to complete due to difficulty in obtaining volunteers for this left-right prospective study. Our finding that warns clinicians to avoid excisions of muscle and definitely not more than 9 millimeters wide when performing upper blepharoplasty is significant and not reported previously.
Our study also indicates that older patients are at increased risk for sluggish eyelid closure as well as lagophthalmos, and that these complications are related to the amount of orbicularis muscle excised. Furthermore, sluggish lid closure and lagophthalmos are closely related since 57% of patients with sluggish eyelid closure also had lagophthalmos, and 80% of patients with lagophthalmos presented with sluggish eyelid closure ( Table 1) . Sluggish lid closure and lagophthalmos are significant in that they may increase the risk of corneal injury. In order to followup and assess the risks of such injury, we emphasize the importance of examining the patients after surgery not only with eyes open, but also with eyes gently closed, in extreme downward gaze and simulating a sleep state. One must note any sluggish lid closure as well as presence or absence of Bell's phenomenon when lagophthalmos is observed. Although lagophthalmos gradually subsided during the period of this study, sluggish lid closure seemed unchanged during the same period and appears to play a role as significant as lagophthalmos in causing dry eye symptoms. It is possible that the temporary effect of the surgical trauma and postoperative edema play a significant role in the duration of lagophthalmos, while it is the absence of muscular fibers that play a critical role in sluggish lid closure that shows no observable improvement during the same period of observation.
Our expert panel identified five patients who could benefit from a future brow-lift procedure following their upper blepharoplasty procedure (Figs. 6, 8 ). In the setting of lid ptosis or pseudoptosis (Fig. 9) , it is known that the brows may be raised by frontalis action in order to increase the visual fields. The correction of pseudoptosis allows the brows to fall as shown in Figs. 9, 10. Therefore, it is advisable that patients be made aware of the possible need for subsequent brow-lift when being consented for aesthetic upper blepharoplasty.
The number of cohorts constitutes the main limitation of this prospective report. Lack of video documentation is another weakness in our study. Videography and electromyography would be superior means to document dynamic differences in eyelid closure than mere observation, as utilized in this study. Evaluation of dry eye symptoms could be better measured using methods such as tear osmolarity, tear lysozyme and fluorescein disappearance testing. Another weakness is that a portion of the study was not double-blinded: the primary surgeon (F.D.P.) was aware of the side with muscle resection, as he followed the patients postoperatively.
Muscle-sparing upper blepharoplasty has equivalent aesthetic outcomes to conventional surgery with muscle resection, and decreases the risk for corneal surface exposure and its sequelae. We found that muscle resection does not improve the aesthetic outcome, but may increase the morbidity. To recognize and ini-
